Abstract: Electrically conducting nitrile rubber (NBR) containing electro-conductive carbon black (CB) and polypyrrole as conducting-modifier were prepared by single-step in situ polymerization with mechanical mixing and compression molding (vulcanized). Our result showed CB/NBR and CB/ polypyrrole /NBR conducting composites presents high thermal stability. Thermo-gravimetric analysis showed that the CB 50 phr / polypyrrole 10 phr /NBR of composites formula has highest thermal stability with improved degradation temperature from 422 0 C (NBR matrix) to 440 0 C at 10% weight loss. CB 50 phr and polypyrrole 10 phr has still optimum volume resistivity values 2.83×10 10 to 2.03×10 3 ohm-cm above the percolation threshold. Therefore, incorporating CB with polypyrrole conducting-modifier showed four causes of advantage i.e. increase in thermal stability, conductive pathways, synergistic properties on thermal stability with reinforcement mechanical properties and compounding conductivity effect within the rubber matrix.
Introduction
Polymer materials as plastic or rubber is usually considered as insulating materials. A conductive filler or intrinsic conducting polymer is incorporated with insulating polymer matrix which forms a carrier path and continuous network to achieve electrical conductive material. The nitrile rubber [NBR] was selected in this work, because of its high chemical attack resistivity. NBR is a copolymer of acrylonitrile -butadiene rubber, manufactured in the United States since 1939, and it possesses resistivity to oil, water, chemical attack, abrasion, heat and excellent strength [1] [2] [3] . In literature, Vallim et al. proposed that intrinsically conductive polymer is blended into NBR, using a twin-roller mill to blend PAni.HCl, PAni.DBSA, PAni.TPBSA and PAni. When TSA was blended with NBR, lower conductivities of 10 -8 to 10 -12 S cm -1 were obtained [4] . On the other hand, Tassi and De Paoli indicated that NBR blended with polyaniline through grafting and potentiodynamic syntheses had homogeneous films which was insoluble in toluene and in chloroform [5] .
Carbon black (CB), metal powder and carbon fibers of conductive modifier have been widely studied to give electrical conductivity to polymeric systems [6] [7] [8] [9] [10] . Among the large number of electrical conductive modifier, carbon black has been traditionally used as reinforcement material in the rubber industry [11] [12] . On the other hand, insulating polymer materials added great quantity of CB to form electrical conductive composites [6, 13] and used for electrostatic charge dissipation [14] , touch control switches, and electromagnetic shielding [15] [16] [17] . Carbon black is used as conducting modifier considering its four major properties such as particle size, surface area, structure, and surface chemistry [6, [18] [19] avoided inter-particle aggregates through Van der Waals forces. In general, carbon black added into the elastomers contributed to product specific characters as rigidity, easily oxidized and lower conductivity values about 10 -8 S/cm -1 [20] . Although, the electro-conductive carbon black has excellent conductivity; it is limited by issues of hardness and dispersibility; hence, the loading effect of filler has also been studied on the conductive mechanism, electrical conductivity and mechanical properties.
Moreover, intrinsically conducting polymers such as polyaniline, polypyrrole, and polythiophene are extensively studied class of materials due to their interesting properties for various applications in electrochemical devices, displays, and actuators [21] [22] [23] . Among the intrinsic conducting polymers, polypyrrole showed many advantages such as higher conductivity [24] , stability [25] [26] , thermal resistivity [27] , easy synthesis [28] and interface modification [29] [30] etc. The conductivity mechanism of polypyrrole has been linked through the exchange of conjugate single bonds and double bonds and is a fully conjugated aromatic polymer.
In our previous studies, we reported polypyrrole conductive composites and conductive modifier such as carbon black, graphite granules and polymer electrolytes (PEL) blended with silicone rubber (SR) [31] , polyurethane (PU) [32] [33] , Ultra-highmolecular -weight polyethylene (UHMWPE) [29, 34] , polyimide (PI) [35] and carbon fibers (CF) [30] on the preparations, characterizations and applications. In the previous work, the composites were prepared by the electronic conduction of CB and Ppy and the ionic conduction of PEL with a silicone matrix by polymer blending and dip-coating process [31] , the result showed that conductivity of composites is lower because of interaction of the / polypyrrole/ PEL/ silicone matrix and the conduction conflict between ionic and electronic conductive pathway. Due to complex electronic/ ionic conduction process, there is no synergistic effect on the conductivity. Therefore, we focus on electronic/ electronic conduction mechanism which has not yet been studied in compounding conductive properties with synergistic effect on the conductivity, mechanical properties and thermal stability. On the other hand, the influence of the CB and polypyrrole as conducting modifier on NBR matrix processing were evaluated. The conducting composites were vulcanized their thermal analysis, conductivity, mechanical properties and morphology were characterized. Although the traditional carbon black/ polymer modification composites have better mechanical properties and electrical properties at high additive amount, the sharp increase in hardness and decrease in elasticity limited their availability and worth in industry. In this way, the properties of the composites such as mechanical properties, electrical properties and elasticity can be systematically increased and put in industrial production as conductive rubber roller in printer.
Results and Discussion

Thermal stability analysis
The thermal stabilities of electro-conductive carbon black (CB) and polypyrrole in nitrile rubber composites are shown in Figure 1 (A) -(E) and Table 1 by thermo-gravimetric analysis (TGA). In this case, two-step degradation of pure NBR (vulcanized) is observed in Figure 1 (A). The two step weight loss in NBR was due to the degradation by the random chain scission of butadiene and acrylonitrile parts in NBR [37] that the first step degradation is from 423 °C to 511°C and in the second step from 525 °C to 755 °C with mass loss of 88.3% and 1.57% during the first and second steps of degradation respectively. The Td 5 , Td 10 and Td 20 of thermal degradation temperature of pure NBR are 394.68 °C, 422.95 °C and 449.79 °C, respectively, as shown in Table 3 . In Figure 1 (B), TGA curve of pure polypyrrole powder is shown, the first segment weight loss occurs below 100 °C, it showed desorption of water or solvent; the second segment weight loss is caused by the loss of remaining oxidation agent (FeCl3); the third segment weight loss decrease slowly with temperature up to 250 °C, a gradual increase weight loss was observed up to 800 °C, and this reaction lead to carbonization and main-chain scission of polypyrrole. Figure 1 (C) shows that he CB/ NBR conducting composites as CN10, CN20 and CN50 clearly increase thermal stability and thermal degradation temperature compared to pure NBR. When CB content was 50 phr, the thermal degradation temperature of the composite is higher than pure NBR and Td of CB/NBR composite increased to 467 0 C, due to presence of carbon black which give rise to catalyze cyclization, cross-link reaction and significantly increase their thermal stability [38] . In our previous study, we investigated the thermal stability of polypyrrole /NBR conducting composite, the results are shown polypyrrole -particle acts as conducting filler in the elastomer which the poylpyrrole particles randomly formed aggregation within the NBR chain, hinder molecular cyclization and decreased crosslink degree lead to decrease thermal degradation temperature. Figure 1(D) show that polypyrrole-modification composites as YN10, YN20 and YN50 clearly decreased the thermal degradation temperature of composite similar tread shown in Table 3 Table 5 .
Subsequently, we chose optimum condition of polypyrrole/ NBR and CB/NBR composites for thermal stability to prepare CB/ polypyrrole/ NBR three-phase mixture as specified in Table 5 to improve thermal stability, reinforcement mechanical properties and compounding conductivity effect for synergistic properties of polypyrrole/ NBR composites. The TGA curve and thermal degradation temperature of CYN1010, CYN2010 and CYN5010 composites are shown in Figure 1 (E) and Table 1 Furthermore, we found higher carbon content produced better thermal stability as CYN5010 than CYN1010, due to lower content of polypyrrole particles (low content polypyrrole) easily dispersed and inserted between CB and NBR matrix form interpenetration elastomer to improve thermal stability of composites.
Mechanical properties
The mechanical properties of conducting modification NBR rubber as tensile stress, strain at break and hardness are summarized in Table 2 It was observed that increasing the filler loading to 10 phr, 20 phr and 50 phr, lead to improved degrees of mechanical properties. As Figure 2 (B) -(D) and Table 2 shows the sharp reinforcing effect, increased the tensile strength and decreased strain at break with increasing concentration of conducting modifiers such as CB and polypyrrole in the NBR matrix. This means that incorporating particulate fillers in a polymeric matrix leads to increased crosslinking degree and melt viscosity during processing [39] . On the other hand, the degree of reinforcement depends on the extent of polymer-filler interaction, which is according to the Kraus equation [40] . The slope (or specific value) of volume fraction being positive represented good polymer-filler interaction and the negative a very weak polymer-filler interaction for reinforcing filler. Figure 2 (A) shows that the slope of first stage of un-filled NBR matrix is negative before vulcanizing, after vulcanization it became positive with tensile strength of 0.65 N/mm 2 and tensile strain of 1023.29 % at break. This is because of polymer-filler interaction is either lower or there is no correlation at lower concentration of modifier. On the contrary, increasing concentration of modifier reduced inter-particle distance between modifier agglomerates leading to higher filler-filler interactions [41] . In general, polypyrrole modified composite has lower reinforcing effect and tensile stress than CB composites with tensile strength of YN 50 modification composite which is lower than CN50 and CYN5010 modification composite at 50 phr of filler loading.
Hardness test provide a rapid evaluation of variation in mechanical properties affected by addition of compounding ingredients. From these results, we found gradual increase of modifier loading induces decrease in intermolecular mobility significantly, due to the formation of physical bonds between modifier and polymer. The results of shore A hardness measurement for CB, polypyrrole and CB/ polypyrrole complex modified composites are given in Figure 3 and Table 2 . The table shows that variation of hardness value for unmodified NBR matrix is 37, and when 50 phr of different modifier are added highest hardness value of 67 (YN50 composite), 93 (CN50 composite) and 96 (CYN5010 composite), respectively are observed. From this it is evident that the continuity of conducting modifier after percolation supported additional energy of rupture and explained the formation of a chain-like network [42] . The network continues throughout the polymer matrix reaching upto the surface, and is able to support compression force also. 
Effect of conducting modifier on electrical properties
The electrical properties of conducting modifier dispersed in polymeric systems have been widely studied because of their potential application, such as biosensors, electrochromic windows and displays, antistatic coatings and packaging, fuel batteries, semiconductor electronic devices and membranes etc. However, the investigative methods established a process parameter for preparation, single-steps of in situ polymerization with loading effect and complex effect of conducting modifier to reach synergistic properties of conducting composites to provide higher electrical conductivity and mechanical properties. Furthermore, we tried to explore the optimal formula of conducting composites between electrical and mechanical properties in flexible processes. Moreover, the percolation threshold is usually defined as the addition of the minimum amount of conductive modifier in polymer matrix to produce an onset of electrical conductivity. The percolation theory is a phenomenological description of insulator transformed to conductor or semiconductor; detail introductions are given by Zallen [43] and Staufer [44] . The parameters of percolation threshold must consider the physical properties and dispersion characteristics of the filler with morphology of polymeric matrix to form conducting composites with percolation points [45] . Therefore, morphology, particle size and dispersion state of conducting modifications greatly influenced electrical properties of such composites.
-Loading effect of modified-conducting composites
The electrical properties of NBR conducting-modification composites for three different conducting modifiers CB, polypyrrole and CB/ polypyrrole complex with loading effect were obtained by the volume resistivity measurement shown in Table 3 .
Tab. 3. Electrical properties of relationship between volume resistivity and different measurement distance for NBR conducting-modified system polypyrrole / NBR, CB/ NBR and CB/ polypyrrole / NBR with content being 10, 20 and 50 phr.
The volume resistivity of NBR matrix is 2.83×10 10 ohm-cm. For polypyrrole/ NBR modifications, the principle of electric conduction in the modifications of the polypyrrole particles acted upon inter-chains of NBR matrix to lead the pyrrole with heterocyclic molecules to the acceptor via doping and to transform the pyrrole molecule structure into an electrontransfer polypyrrole complex. This increases the conduction and enhances the electric conductivity of the polypyrrole. In our previous study, we have investigated the loading effect of polypyrrole /NBR conducting composite on electrical property, the results has shown that adding 5 -10 phr of polypyrrole modifier is optimum concentration to reach percolation threshold and bigger size and larger aspect ratio of polypyrrole -particle would give a sharp decrease in the volume resistivity. In this work, 10, 20 and 50 phr of polypyrrole is blended into NBR matrix, the result obtained show similar trends with 10 7 ohm-cm at 10 phr -50 phr of polypyrrole concentration and the conducting mechanism is explained by percolation theory as shown in Table 3 . The conduction mechanism of CB/NBR composite is described through the aggregation and network of the CB particles, which forms the conducting pathway to give electrical conductivity for CB modifications. Furthermore, CB conducting modifications must control the concentration and dispersion state which affect the electric conductivity. When pure NBR rubber blended with 10, 20 and 50 phr of electro-conductive carbon black, the results showed lower volume resistivity with 3.26 x 10 5 ohm-cm, 9.76 x 10 3 ohm-cm and 4.26 x 10 3 ohm-cm, respectively, than pure NBR with 2.83×10 10 ohm-cm and YN 50 modification with 2.64×10 7 ohm-cm. At lower content of CB-modifications, the distance of CB inter-particles is very broad, and the conducting pathway is discontinuous within NBR matrix may lead to higher volume resistivity. On the contrary, higher content of CB-modifications decreased distance of CB inter-particles and aggregates and continuous conducting pathway formed lower volume resistivity. Low amount of CB particles were dispersed to homogeneous matrix, which would not change in resistivity until the composite is highly loaded that the aggregates would be in contact with one another. Therefore, loading effect of modifier influenced the electrical properties of composite and the conducting mechanism is also explained by percolation theory.
When 10 phr CB and polypyrrole conducting modifier was added, the volume resistivity of the CB/ polypyrrole /NBR composite is improved by six order of magnitude from 2.83 x 10 10 to 5.72 x 10 4 ohm-cm at 10 mm of measurement distance; Furthermore, when 20 and 50 phr of CB and polypyrrole conducting modifier was added, the volume resistivity of CB/ polypyrrole /NBR composites decreased by seven order of magnitude from 10 10 ohm-cm to 10 3 ohm-cm. As Figure 4 showed the loading of conducting modifier dispersions increased with decrease in the volume resistivity, and this led to an increase in the hardness. These results found the CYN5010 composite is optimum formula with better volume resistivity (2.03 x 10 3 ohm-cm) and mechanical properties (hardness: 96, stress: 10.06 N/mm2 and strain: 118.28 % at break) than other modifications in this study. Therefore, we strongly suggest that CB/ polypyrrole complex can be a promising conducting modifier for NBR system composites, because it has a synergistic effect and compounding conductivity in the electrical properties and mechanical properties.
-Relationship between loading effect and morphology Morphological investigations are conducted on the electrical properties of the composites used. Figures 5 (A)-(D) show the SEM photomicrographs of un-modified NBR matrix with CB and polypyrrole modifications at a constant 20 phr of modifier with 500 magnifications. Figure 5 (A) shows that SEM photomicrographs of un-modified NBR matrix (vulcanized) is essentially amorphous rubber. shows the SEM photomicrograph of polypyrrole /NBR composite (YN20) in which the polypyrrole particle is polymerized and dispersed with into the NBR matrix; we found better dispersion, smaller size of particles and smoother surface of the composite than CB-modification and CB/ polypyrrole modification with the polypyrrole particles being of irregular shape and uneven size aggregates within NBR matrix. On the other hand, volume resistivity of polypyrrole /NBR modification is higher than CB/NBR composite with 3.76 × 10 7 ohm-cm and 9.76×10 3 ohm-cm, respectively. The CB/ NBR composite (CN20) includes irregular shape, bigger agglomerate and rougher surface as shown in Figure 5 (C). As figure 5 (D) shows CB/ polypyrrole complex modification markedly increase number of particles interconnected and enhanced conducting pathway between CB and polypyrrole of conducting modifier and very rough surface. Therefore, complex modifier of composite as CYN2010 significantly decreased in volume resistivity to 6.93×10 3 ohm-cm compared with the polypyrrole -modification (3.76×10 7 ohm-cm) or CB-modification (9.76×10 3 ohm-cm). -Relationship between dispersibility of modifiers and conductive stability
We prepared testing specimens for volume resistivity measurement as specified in Table 5 . On the other hand, we designed to change five different measurement distances (at 5 mm, 10 mm, 20 mm, 30mm and 40 mm) to establish relationship between dispersibility of conducting modifier and conductive stability on volume resistivity as shown in Figure 6 (A)-(C) and Table 3 . Comparing the volume resistivity of the polypyrrole /NBR, CB/NBR and CB/ polypyrrole /NBR with addition of different ratios (10 phr, 20 phr and 50 phr) of conducting modifier it was observed that linear tendency of volume resistivity and similar conducting stability shown in Figure 6 (A)-(C) and Table 3 . This phenomenon indicate that three different conductive modifiers CB, polypyrrole and CB/ polypyrrole complex all can be uniformly dispersed and located in NBR matrix forming co-continuous phase structure. From these results, we found that conducting stability of modifications are attributed to the very good dispersion state of modifier and bigger surface roughness of composite. The morphological characteristics of modifications were explored with respect to electrical properties [45] .
On the other hand, the CB modification system had higher aggregate structure than the polypyrrole modification because high-structure carbon black have stronger attractive forces between CB interparticles. Hence the force of dispersion process is higher than CB interparticle bonding force. This phenomenon is explained as follows: electron can travel through regular or disordered of conducting pathway formed by a conductor or semiconductor. In this experiment, CB/ polypyrrole complex modifications have perfect dispersion state within NBR matrix to form contact with each other a conducting pathway. However, the CYN5010 CB/ polypyrrole /NBR modification is the optimum formula with lowest volume resistivity of 2.03 x 10 3 ohm-cm.
Conclusions
In summary, these modified composites were prepared through the mixing and dispersing 10, 20 and 50 phr carbon, polypyrrole and carbon/ polypyrrole conducting modifiers within NBR matrix by single-step in situ polymerization with mechanical mixing. The feasibility of modifications in such composites lie in the possibility of finding an optimal balance of thermal stability, electrical properties and mechanical properties. Thermal stability analysis showed that the composites degrade and the optimum formula modification is CB/ polypyrrole/ NBR composite (containing CB 50 phr and polypyrrole 10 phr) with enhanced Td 20 thermal degradation temperature of 472 0 C and increased synergistic properties with thermal stability. With regard to electrical properties, the co-continuous phase structure, particle character, dispersion state and surface roughness of conducting modifier influence the completeness of conducting pathway and thereby electrical properties. As regards mechanical properties, these conducting modifiers were beneficial for the interaction between the particle of modifier and NBR matrix resulting in improvement of the mechanical properties of the modifications. This phenomenon can be attributed to reinforcement effect. Therefore, the CB/ polypyrrole/ NBR modified-composites is a optimum formula; it is worth mentioning that its superior performance with synergistic effect in properties such as thermal stability, reinforcement mechanical properties and compounding conductivity. In future, CB/ polypyrrole /NBR conducting composites can be utilized for various applications in industry as metallization of dielectrics, antistatic washer and conductive rubber roller in printers [46] .
Experimental
Materials
In this study, nitrile butadiene rubber (NBR, Nancar 1052) with 33% acrylonitrile content and 0.98 specific gravity were purchased from Taiwan Nancar Co. Ltd., Taiwan. The other compounding ingredients such as rubber vulcanizing agent (Sulfur S8, 2% magnesium carbonate surface treatment), zinc oxide, stearic acid, accelerator TBBS (tert butyl benzothiazol sulfonamide, NBS 384) and TMTD (tetramethylthiuram disulfide) were also supplied by Taiwan Nancar Co. Ltd., Taiwan Table 4 .
Tab. 4.
Physical properties of electro-conductive carbon black (Ketjenblack EC600JD).
Physical property
Properties value PH 8-10
Particle size (nm) 34
Specific surface area ((m2/g)) 1400
Typical resistivity (ohm/cm) less than 10 DBP (ml/100 g) 480-510
Preparation of Specimen
The preparation of conducting modified-composites for testing sample is mentioned below:
Method (1) -CB/ NBR conducting composite: Nitrile rubber (NBR) and electro-conductive carbon black (CB) were mixed with vulcanizing agents, accelerators, and other materials in order to produce a material by two-roll mill (Shan-Yung iron works Co., Ltd., Taiwan) with the composite formula shown in Table  5 . The mixing roller ratio speed was 1.2:1.0, and the roller distance was 8 mm, which was gradually shortened to 3 mm. After the thinning and dispersing process for 20 mins, the composites were mixed with vulcanizing agents, accelerators to obtain the CB/NBR conducting composites.
Method (2) -polypyrrole / NBR conducting composite: The polypyrrole /NBR conducting composites were prepared by single-step in situ polymerization with the formula specified in Table 5 . The formulas used pure pyrrole monomer solution and constant 2 M concentration of anhydrous iron (III) chloride (FeCl 3 ) aqueous mixture simultaneously dropped into the pure NBR rubber to do conductive polymerization by two-roll mill (Shan-Yung iron works Co., Ltd., Taiwan) for 20 mins with a carefully controlled at the mixing roller ratio speed was 1.2:1.0. Moreover the distance between the rollers started at 8 mm and gradually reduced to 3 mm between two rolls at room-temperature. The vulcanization time was determined from an optimum curing time (t c90 ) according to Monsanto rheometer testing at 170 °C for 10 min. These NBR matrix, polypyrrole /NBR, CB/NBR and CB/ polypyrrole /NBR of conducting composites were vulcanized in a electrically heated hydraulic press (You-Found Hydraulics Industrial Co., Ltd, CF-50, Taiwan) using a special homemade steel mold at 170 0 C for 10 min under a pressure of 50 kg/cm 2 by compression molding. These vulcanized composites were obtained in the final specimen size of 100 mm x 100 mm x 2 mm. Then, residual FeCl3 and isopropyl alcohol (IPA) solvent were removed by placing the composites into a vacuum oven at 100 0 C for 2 hrs. These vulcanized specimens were allowed to mature at room temperature for 48 hrs after testing. Table 5 . First, we added 10 phr, 20 phr and 50 phr electro-conductive CB into the NBR matrix by two mixing roller. The mixing roller ratio speed was 1.2:1.0, and the roller distance was 8 mm, which was gradually shortened to 3 mm. After thinning and dispersing process for 20 mins, an end composite was obtained. Then, according to the blending procedure polypyrrole /NBR conducting composite at constant 10 phr of modifier concentration. The specimens were vulcanized to obtain the final specimen. (3) Morphology observation and element analysis: The morphology was observed by SEM (England Cambridge S-360). A gold pattern was sputtered onto the sample holder surface and SEM was used to observe for morphology and dispersion state of electrically conducting nitrogen rubber with magnification of 500x.
Measurements
(4) Electronic conductivity measurements: According to ASTM D257 method, NBR conducting composites were tested for surface and volume resistivity using four-point probe measurement technique by Advantest TR-8652 digital electrometer (Tokyo, Japan) at room-temperature with 10 mm of measurement distance. (6) Hardness test: Among the several mechanical tests that can be used to characterize the performances of the final materials, the hardness test is one of the most widely used because of its simplicity. In this article, indentation hardness was determined with a Shore A durometer (GS-806, Teclock Corp, Osaka, Japan) on 6 mm thick specimens, according to ASTM specification D 2240. These measurements were tested at several locations for each specimen and the 3 pieces of average hardness value was calculated.
